Heavy metals (i.e. Cr, Co, Ni, Cu, Zn, Rb, Sr, Ba, Pb, V and Ga) distribution and their correlation with clay fraction were investigated. Fifteen samples of stream sediments were collected from the Lesser Zab River (LZR), which represent one of three major tributaries of the Tigris River at north-eastern Iraq. Grain size distributions and textural composition indicate that these sediments are mainly characterized as clayey silt and silty sand. This indicates that the fluctuation in the relative variation of the grain size distribution in the studied sediments is due local contrast in the hydrological conditions, such as stream speed, energy of transportation and geological, geomorphological and climatic characterizations that influenced sediments properties. On the other hand, clay mineral assemblages consist of palygorskite, kaolinite, illite, chlorite and smectite, which in turn reveals that these sediments were derived from rocks of similar mineralogical and chemical composition as it is coincided with other published works. The clay mineral assemblages demonstrate that major phase transformations were not observed except for the palygorskite formation from smectite, since the minerals pair exhibit good negative correlation (−0.598) within the Lesser Zab River (LZR) sediments. To determine interrelation between the heavy metals and the clay fractions in the studied samples, correlation coefficients and factor analysis were performed. Heavy metals provide significant positive correlation with themselves and with Al 2 O 3 , Fe 2 O 3 and MnO. In addition, the results of factor analysis extracted two major factors; the first factor loading with the highest percent of variation (60%) from the major (Fe 2 O 3 , Al 2 O 3 and MnO in weight %), heavy metals and clay fraction. While the second factor with the (14%) of variance includes Cr and silt fraction, which indicate the affinity of the heavy metals being adsorbed onto solid phase like clay particles. These observations suggest that a common mechanism regulates the heavy metal abundance, and that their concentrations are significantly controlled by fine clay fractions, clay mineral abundance and ferro manganese oxides-hydroxides.
Introduction
Fluvial sediments are sourced from the exposed rocks, among these, the crystalline rocks, which are influenced by streams under surface conditions. Other fluvial sediments origins are from soils which pass the mineralogical composition from the source rock and/or alter them, and new mineral faces could form [1] . Sediments include different grain sizes (i.e. coarse sandstone to colloidal grains). Thus, studying resent sediments offer insight on the physiochemical and environmental regimes in shallow marine and fluvial conditions which are influenced greatly by the changes of earth and human activities [2] [3] , and therefore, sediments are used, usually, as pollution monitor in different aquatic regimes. On the other hand, colloidal grains are greatly influenced by various parameters and thus hardly to provide accurate analysis results. While fine grain sediments are less influenced and therefore used frequently as chemical and biochemical pollution indicators [4] .
Moreover, fluvial sediments, in comparison, represent the main heavy metals settling agent in water systems and those heavy metals are not washed out from the system; instead it could be induced within the water and sediments storage by various biological and chemical processes [5] [6] [7] . Thereafter, heavy metals, of various origins, main source of enrichments in water systems are through rock and soil erosion in fine grain sediments [8] [5] [9] [10] .
Additionally, tiny size sediments (i.e. clay size) are the main size fraction used by researchers to determine heavy metals concentrations which are related in part to their mobility [11] [12] . Furthermore, heavy metals are adsorbed on negative charge surfaces such as clay minerals, organic materials and other oxides, within insoluble organic and inorganic bond form, in the aquatic regimes by several human activities [5] [12] . This study aims to identify clay minerals assemblages and their relationship with the heavy metals distribution and origins within the Lesser Zab river (LZR) sediments.
Geological Setting
The regional geology of northern Iraq consists of the Zagros Mountains Range with an NW-SE structural trend in the north-eastern part, and Taurus mountain Range with an E-W structural trend in the north and northwestern parts. The Figure 3 ) [18] . The river in the study area passes through many villages, towns and agricultural lands where possible man-made pollution sources could affect its water quality, in addition to the natural pollution causes such as spring waters, erosion and weathering of outcrops, etc. [10] . River collects its water from 
Material and Methods
Fifteen recent sediment samples were collected from the lesser Zab Main stream The samples were sun-dried and then ground into fine powder in an agate mortar. The samples were sieved to pass through of 200 µm, and then pressed into thick pellets of 32 mm diameter using wax as blinder. USGS standards, GEOL, GBW 7109 and GBW-7309 sediment equally pressed into pellets in an equivalent manner as the samples, and these used for quality assurance [19] [20].
Multi-element concentration was determined by using polarized energy dispersive XRF. The PEDXRF analysis was carried out at the Earth Sciences Research and Application Center of Ankara University, TURKEY using Spectro XLAB 2000 PEDXRF spectrometer and following [21] .
Grain size analysis is carried out to separate sand from the silt and clay using sieve (0.063 mm, 230 meshes) by wet sieving. The silt and clay fractions downward from (230 mesh) sieve were separated using sedimentation tube method according to [22] [23] . The statistical parameters of the grains were calculated using the equations proposed by [24] .
Mineralogical characteristics of the samples were determined by using X-ray Journal of Geoscience and Environment Protection diffraction analysis, type P analytical Xpert PRO MPD with Ni-filtered and CuK α radiation, for diagnosis and assessment of mineral components as well as identifying the type of clay minerals in the isolated clayey size (<2 μm). Both randomly oriented powder and slide samples were prepared following the procedure described by [23] [25]. They were scanned over the range from 5˚ to 40˚ 2θ at a scanning speed 2˚ 2 θ/min. The oriented slides were analyzed in various stages (non-treated, treated by Glycol ethylene at 60˚C/2 hr. to distinguish the expandable mineral phases, the slides were heated at 550˚C/2 hr. for chlorite detection). All minerals basal reflection peaks were identified according to ASTM cards [26] . The semi quantitative determination of the relative amounts of major clay minerals was calculated by using analytical Xpert High Score software depending up on specific reflections and intensity factors.
Results and Discussion

Sediment Grain Size and Mineralogical Analysis
The results of the grain size analysis and textural composition of the studied sediment samples are given in Table 1 and Figure 2 , which provide the percentages of the sediments components of sand, silt and clay. The results indicate clearly decrease in the sand percentage from 80% to 1% with an average of 22.7%, while the silt portion was high in all sites (i.e. 12% -87% with an average [27] classification, most of the studied recent LZR sediments can be classified as clayey silt and silty sand types which compose of 66.67% and 20.0% respectively of the studied samples ( Figure 2 ). This indicates that the fluctuation in the relative variation of the grain size distribution within the studied sediments because of the local contrast in the hydrological conditions, like stream speed, energy of transportation and geological, geomorphological and climatic natures that influenced sediments properties [28] .
Moreover, XRD patterns of the oriented and non-oriented slides which are obtained under different measurement conditions, as shown in Figure 3 and 
Heavy Metal Concentrations in Clay Fractions
The concentrations of heavy metals (i.e. Co, Cr, Cu, Ni, Ba, Pb, Rb, Zn, V and Ga) and major elements (Al 2 O 3 , Fe 2 O 3 and MnO) within clay fraction (<2 μm) sediments and their portioning in the Lesser Zab stream are provided in (Table   3 ) and ( Figure 5 ). Statistical parameters of the data (arithmetic mean, maximum and minimum value, standard deviation and coefficient of variation) were calculated to observe general variability in the LZR sediment chemistry ( Table 3 ).
The concentrations of trace elements generally vary by 5% to 27% for the LZR.
Coefficient of variation (C.V.) is maximum (20% -27%) for Co, Rb and Zn, (16% -20%) for Pb and Cu, (10% -15%) for Cr and Ga, and is within <10% for other elements (Table 3 ). In addition to the major elements described above, ten trace elements (Co, Cr, Cu, Ni, Ba, Pb, Rb, Zn, V and Ga) analyzed in the in the clay fraction samples collected from LZR sediments ( heavy metals is listed in Table 4 and shown in Table 4 . Correlation coefficients for the selected variables; oxides, trace elements and sediments size fractions. oxides in the clay fraction, suggesting that a common mechanism regulates their abundance. Thus, suggest that these element concentrations are controlled mainly by Al-rich phases such as clay mineral abundances and Fe-Mg, Fe-Mn oxides [18] . Moreover, Co, Ni and Cu sourced from clay minerals while Zn could be sourced from the ferromagnesian heavy minerals such as amphiboles, pyroxenes etc. [30] as it is common with LZR and older sediments [18] [29] . [30] indicates that Co has moderate mobility controlled mainly by adsorption and co-precipitation with Mn-Fe oxides. Ba and Rb are usually associated with feldspar and biotite [31] and clay minerals [18] . In addition, lead (Pb) is generally adsorbed on iron oxide minerals while Rb with feldspar and mica [30] . Also, copper has intermediate mobility controlled by adsorption of Fe and Mn-oxides and organic matters; it is closely associated with geogenic (lithogenic) materials and exists in ultrabasic ophiolitic rocks [32] . Increasing heavy metal concentration in clay fraction of LZR sediments could be related to the adsorption on fine grain sediments. Thus, heavy metals portioning would essentially be influenced by clay content which in turn contributes significantly to the accumulation of heavy metals in the LZR sediments.
Principal Component Analysis (PCA)-Factor Analysis
PCA is used to determine the interaction between the measured independent properties. The principal component analysis has been widely applied in the interpretation of the geochemical and hydrogeochemical data [33] [34] [35] . It is one of the multivariate statistical analytical tools used to assess metal behavior in sediments and water [36] . Also, PCA is an approach to find the most crucial factors that describe the natural influence with eigenvalues ≥ 1.0 [37] . According to [33] the factor loadings were classified as "excellent", "very good", " good" and "fair", as the absolute loading values of (>0.71), (0.71 -0.63), (0.63 -0.55) and (0.55 -0.45) respectively. For factor loadings, the loading was defined as excellent and very good and loadings of (<0.63) were considered insignificant, and some of the factors not explained because contain loading fair lower than (0.55). Factor analysis allows us to group the elements with similar distribution.
In this study, three factors have been observed for LZR sediments, and components account for (81.915%) of the total variation in the system, (the first component accounts for 60.119% of the variation, the second 13.616% and the third accounts for only 8.180%) (Table 5, Figure 9 ). Thus, three components reflect the relation between the measured variables.
The first factor is explained 60.119% of the variation in the system and it is very important because influenced by (Cu, Co, Zn, Rb, Ba, Pb, Ga) and clay fractions. This factor considered fine clay particles factor, which shows the fine oxides-hydroxide phase and clay minerals to enrich the heavy metals contents within the LZR sediments. [18] illustrated that these element concentrations are controlled mainly by clay mineral abundances and Fe-Mg, Fe-Mn oxides. The second factor has 13.616% of total variance and affected by (Cr, Ni) and silt fractions. This factor considered independent fine minerals particles factor.
While Ni and Cr exist in the solid components of weathering productions [38] , also substitution of Fe location by Ni in to the Fe-rich (goethite and hematite) minerals [38] . Also, the most abundant independent mineral is usually chromite which is resistant to the weathering, with heavy minerals (i.e. tourmaline, rutile, hornblende and magnetite) [39] [40] [41] which can exist in siliciclastic rocks in various grain sizes from sand to clay. Thus, Cr and Ni richness in the silt fraction of LZR sediments represented by the third factor.
Conclusions
Grain size distributions and textural composition indicate that these sediments are mainly characterized as clayey silt and silty sand as texture. This indicates that the fluctuation in the relative variation of the grain size distribution of the study sediments is because of the local contrast in the hydrological conditions such as stream speed, energy of transportation and geological, geomorphological and climatic natures that influenced these sediments properties.
The clay mineral assemblages in the LZR sediments consist mainly of palygorskite, kaolinite, illite, chlorite and smectite, following previous works, which reveals that these sediments were derived from rocks of similar mineralogical and chemical composition and that heavy metals portioning is linked to the tiny grain size amount.
The distribution of heavy metal shows significant positive correlation among themselves and major (Al 2 O 3 , Fe 2 O 3 and MnO) oxides in the clay fraction, demonstrating a common mechanism regulates their abundance, thus, suggesting that these element concentrations are controlled mainly by Al-rich phases such as clay mineral abundances and Fe-Mg, Fe-Mn oxides.
